a Background Despite advancements in treatment, acute myocardial infarction (AMI) remains a leading cause of morbidity and mortality in the elderly population. Previous research has highlighted long-standing sex disparities in the care of these patients. However, differences in the patterns of discharge are not well described. One key parameter is the destination of discharge, and in particulardischarge to skilled nursing facilities (SNFs), a factor associated with worse prognosis and greater costs to the healthcare system. Our aim, therefore, was to observe destination differences after AMI on the basis of sex and other baseline characteristics.
Background Despite advancements in treatment, acute myocardial infarction (AMI) remains a leading cause of morbidity and mortality in the elderly population. Previous research has highlighted long-standing sex disparities in the care of these patients. However, differences in the patterns of discharge are not well described. One key parameter is the destination of discharge, and in particulardischarge to skilled nursing facilities (SNFs), a factor associated with worse prognosis and greater costs to the healthcare system. Our aim, therefore, was to observe destination differences after AMI on the basis of sex and other baseline characteristics.
Materials and methods From a cohort of 143 180 claims, we carried out an observational analysis of 6123 Medicare beneficiaries discharged following AMI during the first quarter of 2016.
Results For patients who were referred from SNF, the rates of in-hospital death are higher, even after adjustment for baseline characteristics (odds ratio: 1.78, 95% confidence interval: 1.17-2.70). Of those discharged to SNF or home, 36.33% of the female patients were discharged to an SNF versus 25.12% (P < 0.01) of the male patients. After adjusting for baseline characteristics, discharge to SNF remained significantly higher among female patients (odds ratio: 1.57, 95% confidence interval: 1.27-1.94).
Conclusion Discharge to SNF following AMI is more frequent for female patients, even after adjustment for risk factors. Our findings highlight the need to better characterize this unique patient population and understand the cycle of care that they receive following AMI. Coron Artery Dis 29:502-510 Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.
Introduction
Every year, an estimated 635 000 Americans suffer a new acute myocardial infarction (AMI) and nearly 300 000 experience a recurrent event. It is estimated that an additional 155 000 patients experience their first silent AMI each year [1] . Significant dissimilarities exist between men and women affected with acute coronary syndromes in terms of their awareness of the condition, diagnosis, rates of interventional treatment, medication administered for secondary prevention, and prognosis [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In some cases, this may be attributable to sex differences in pathophysiology, as well as older age and risk factors [13] [14] [15] [16] . However, other studies have shown that even when all other confounding variables are taken into consideration, female sex remains an independent factor for an increased risk of poor outcomes, especially in younger women [9, 10] . Although other studies have examined the treatment rates and prognosis of female versus male AMI patients, little is known on the disparities in posthospital care following the index admission. In patients admitted for other events, such as heart failure [17] , stroke [18] , and bypass surgery [19] , it was shown that discharge to skilled nursing facility (SNF) is more common for female patients. However, although this destination is considered to enable more intensive monitoring of these patients, it was, in fact, shown to be associated with worse prognosis [17, 20] and higher cost [21] . In this study, therefore, we examined the differences in discharge patterns between elderly male and female after AMI in an effort to improve our understanding of these patients and our clinical management decisions.
Materials and methods

Data sources
We obtained a 5% sample of the Standard Analytical Files of Medicare Part A fee-for-service inpatient claims from the first quarter of 2016, from the Centers for Medicare and Medicaid Services, which included patient-level data on demographics, and diagnosis codes using the 2016 International Classification of Diseases, Supplemental Digital Content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the journal's website, www.coronary-artery.com.
Tenth Revision, Clinical Modification (ICD-10) for hospitalizations billed under fee-for-service Medicare. We developed a study cohort in the same manner as has been described previously in detail [22] [23] [24] . Claims data included the following details: provider information, admission/visit/discharge data, payment data, diagnosis and procedural codes, diagnosis-related groups (DRGs), and patient demographics. The first two authors had full access to the data in the study.
Study population
The study sample included Medicare fee-for-service patients hospitalized with a diagnosis of AMI. To include complete information on the entire patient population that has had an AMI during admission, we included any claim that contains a diagnosis of AMI according to the MS-DRG codes (2016) 280, 281, 282, 283, 284, 285, as well as the group of ICD-10 diagnoses codes of I21.xx. On the basis of grouping diagnoses and typical procedures, we also identified the type of AMI, major comorbidities and risk factors, rates of percutaneous coronary intervention (PCI), characteristic complications, as well as available demographic features (Supplementary Table S1 , Supplemental digital content 1, http://links.lww.com/MCA/A192 for a list of DRG and ICD-10 codes). We also collected financial data on the admission, including total charges by the provider and the payment amount by Medicare.
From a total sample of 143 180 Medicare part A fee-forservice inpatient claims, we identified 6123 events representing patients who were discharged after having had an AMI. We first described rates of in-hospital mortality in this full cohort. Because of the important prognostic and financial implications of being discharged to SNF, we then evaluated both female and male AMI patients who were discharged to either SNF or home. Therefore, discharges to other destinations, such as home health agency centers and short-term hospitals, were excluded from our analysis. Also, patients who were transferred from other hospitals were excluded. We then omitted 149 recurring admissions of the same patients (according to beneficiary identification number), maintaining only the first event in the study's time frame, ultimately resulting in a total of 3303 patients, treated at 1474 medical providers, who were discharged to one of two destinations: home or SNF (see Fig. 1 ). A separate analysis was carried out on 2521 patients who were admitted with a primary diagnosis of AMI and were not directly referred from an SNF.
Outcomes
The primary outcome studied was the rate of discharge to SNF versus discharge directly to home. Patients discharged to SNF or directly to their home were identified by the patient discharge status code, as documented in the administrative claims, through unique patient identifiers. Discharge rates were calculated by dividing the number of patients discharged to SNF by the overall denominator of patients who had suffered an AMI during their admission, survived the hospitalization, and were discharged from the hospital. The comparison group comprised of patients who had also suffered an AMI during their admission, and were discharged home according to the relevant claims records. Rates of PCI, implantation of a bare-metal stent or a drug-eluting stent (DES), total charge by the provider, and payment amounts by Medicare were also examined as a secondary analysis. We then carried out a second analysis to examine only patients who were admitted for a primary diagnosis of AMI, excluding patients who were referred from SNF. Finally, we carried out a separate analysis of patients who were referred from SNF versus other origins and compared in-hospital rates of mortality.
Covariates
Covariates that were considered for confounding adjustment all had a well-known impact on prognosis, or were considered to influence the pattern of discharge, and included age, race, and the following co-diagnoses identified from the database: smoking, obesity, diabetes, hyperlipidemia, hypertension, chronic obstructive pulmonary disease, asthma, atrial fibrillation, atrial flutter, peripheral vascular disease, anemia, chronic dialysis, chronic renal insufficiency, depression, valvular heart disease, the presence of an automatic implantable cardioverter defibrillator (AICD), pacemaker, cerebrovascular accident (CVA), heart failure, history of coronary artery bypass surgery, or PCI. These were chosen. Factors related to the index event include ST-elevation AMI (STEMI) or non-STEMI, length of stay, AMI as the primary diagnosis, PCI, DES/bare-metal stent, hypotension, hypernatremia, shock, bleeding events, stent thrombosis, total charge for the event, and payment amounts.
Statistical analysis
Descriptive analytics were used to describe covariates. Categorical data are presented as counts and percentages, and were analyzed using the χ 2 -test. Student's t-test was used for continuous parameters. The two-sided α level was set at 0.05. The outcome was defined as a dichotomous variable, comparing discharge to SNF with discharge to home. For the unadjusted analysis, we used univariate logistic regression to determine the association between discharge rate to SNF and sex. For the adjusted analysis, we used a multivariable logistic regression model with adjustment for baseline characteristics and comorbidities as presented above. We exponentiated the models' coefficients to calculate the odds ratios (ORs) comparing men and women. We also tested for effect modification by age group and by race. Analyses were carried out using STATA software, version 14.1 (StataCorp LP, College Station, Texas, USA), and Excel 2013 (Microsoft Corporation, Redmond, Washington, USA).
Results
Of the total cohort, of 6123 patients, 10.76% of the claims resulted in in-hospital death (10.78% of women vs. 10.75% of men, P: nonsignificant). On comparing this outcome according to the source of referral, 156 of the patients were admitted directly following a stay at an SNF. For that group, unadjusted rates of in-hospital mortality were significantly higher compared with patients referred to admission from other locations (21.79 vs. 10.47%, P < 0.01; Fig. 2 ). A multivariate analysis showed that even after correcting for covariates, being referred from a SNF is associated with an increased risk of in-hospital death [OR: 1.78, 95% confidence interval (CI): 1.17-2.70; Table 1 ]. In our model, other factors identified as increasing the risk of in-hospital mortality included hyperlipidemia, atrial fibrillation, STEMI type of AMI, chronic obstructive pulmonary disease, bleeding events, renal insufficiency, and age (over 80 years). Obesity had a protective effect in our analysis, as well as hypertension.
We then examined the 3033 patients discharged to SNF or home. Baseline characteristics of this final study population are shown in Table 2 . 85.4% of the patients were older than 65 years of age. Women were older and suffered more from anemia, asthma, depression, and NSTEMI. However, men were more likely to have smoked in the past, had diabetes, hyperlipidemia, atrial flutter, chronic kidney disease, have a history of coronary artery revascularization, and AICD implantation. During admission, men were more likely to suffer from a STEMI, more have undergone PCI, DES implantation, and suffered more from shock during admission, as well as from stent thrombosis. Also, AMI was the primary diagnosis in a higher proportion of men, whereas women were more likely to suffer from AMI as a secondary diagnosis, and have a different disease state listed as the principal diagnosis. Finally, both total charges by the Rates of in-hospital death according to the source of referral. SNF, skilled nursing facility. hospital and the payment by Medicare were higher for men versus women (Table 2) .
On comparing sex cohorts by discharge rates to SNF versus home, only 25.12% of male patients admitted with AMI were discharged to SNF at the end of the admission, whereas in women, rates were 36.33% of the patients (P < 0.01; Fig. 3 ). Women had 69% higher odds for discharge to SNF than men according to the unadjusted analysis (95% CI: 1.30-1.96).
In the adjusted analysis, female patients had 57.2% higher odds for discharge to SNF than men, correcting for age, race, and various comorbidities (Table 3 ). This difference is statistically significant (P < 0.01). Post-AMI patients aged 70 years and older also had a higher chance of being discharged to SNF compared with patients younger than 65 years of age, with increasing OR for older age group categories ( Table 3 ). In addition, patients of Hispanic origin had a significantly lower chance of being discharged to SNF (OR: 0.31, CI: 0.13-0.72, P < 0.01; data are not shown).
During admission, crude PCI rates were significantly lower for female patients than for male patients (25.60 vs. 35.56%, P < 0.01). In addition, the rates of DES implantation were lower for women (21.58 vs. 30.43%, P < 0.01; Table 2 and Fig. 4) . Finally, total charges by the provider were lower for female patients ($73 420.62 vs. $89 393.28, P < 0.01), as well as the payment amount for the episode by Medicare ($13 590.04 vs. $16 021.89, P < 0.01; Table 2 and Fig. 5 ). Rates of discharge according to sex.
Sex differences in discharge after AMI Perl et al. 505
To examine interactions between patient age and sex, in terms of discharge destination, and rates of PCI and sex, we carried out two additional analyses. We found no significant interaction between PCI and sex. However, a stratified analysis by age groups showed that, except for patients younger than 65 patients years of age, where women had a lower tendency to be discharged to SNF Finally, we adjusted for the impact that confounders may have had on the charges and payments between the two sexes. We found that, after controlling for rates of PCI, age, and length of hospitalization, the mean payment amount and total charges for women were still $1604 and $9192 lower, respectively.
Finally, for patients who were admitted with a primary diagnosis of AMI (n = 2521), excluding patients who were referred from SNF, the results were similar to those for the full cohort -23.45% of male patients were discharged to SNF at the end of the admission versus 35 Coronary percutaneous interventions during admission according to sex. BMS, bare-metal stent; DES, drug-eluting stent; PCI, percutaneous coronary intervention. Payments and charges according to sex.
and AICD were less likely to be sent to SNF (OR: 0.78, CI: 0.51-0.88, P = 0.01 and OR: 0.58, CI: 0.32-0.91, P = 0.02, respectively; Table 4 ).
Discussion
According to multiple studies [3] [4] [5] 7, 9, 10] , including a recent analysis based on information from the National Cardiovascular Data Registry [25] , women with acute coronary syndrome are less likely than men to receive an CEG within 10 min, be taken care of by cardiologists during admission, receive evidence-based therapy, and are more likely to suffer inhospital complications, including mortality, recurrent AMI, bleeding, and vascular adverse events. Following discharge from the hospital, care and outcome disparities exist as well. In Medicare patients experiencing AMI, it was also found that women were less likely than men to receive evidence-based medications, with subsequent higher readmission rates [26] .
Rates of discharge to SNF are continuously increasing [27, 28] , with expenses related to postacute care growing significantly, and those related to SNF nearly doubling in recent years [29] . There is little information on the discharge path for patients undergoing AMI. In an earlier study looking at a cohort of post-AMI Medicare patients from the years 1994 to 1995, in which only 11.6% were discharged to SNF, patients discharged to postacute care were older and had a higher severity index of illness [30] . Dolansky et al. [27] published a study on the 2003 Centers for Medicare and Medicaid Services database, on patients following multiple cardiovascular conditions, and showed a high rate of 30.3% discharge to SNF in that cohort, and an increased chance of being sent to SNF for female patients. To the best of our knowledge, this article is the first to describe the rates of discharge to SNF following AMI in the last 13 years, belonging to a modern era of treatment for AMI patients, including the wide use of DESs. We have found that discharge to SNF is more common in women, despite a similar rate of risk factors, and after correcting for variables using a multivariable model.
What is the prognostic significance of being discharged to SNF? In our observational study, which was not designed to assess long-term outcomes, patients who were admitted with AMI and were referred from an SNF had a higher rate of in-hospital mortality than patients referred from other locations, despite adjustment for baseline characteristics. It is believed that discharging patients to SNF may improve care, enabling continued monitoring and increased compliance to evidence-based treatments, which has the potential to improve outcomes and reduce hospital readmissions. However, when this theory was studied explicitly in one study, the opposite effect was observed. In patients following an admission for an AMI, risk-standardized readmission rates were actually 0.03% points higher for each one absolute percentage point increase in the SNF rate in adjusted regression models (P = 0.001) [20] . Similarly, studies looking at other disease states show a disconcerting outcome for patients discharged to SNF. In patients with heart failure, for example, higher rates of discharge to SNF were associated with a markedly increased risk of death, after adjustment for patient characteristics known to be associated with adverse outcomes [17] . In the same study, women were more likely to be discharged to an SNF than men (OR: 1.53, P < 0.001) in a multivariable model correcting for confounding factors. Yet another study, which examined a cohort of older patients discharged to SNF after surgery, trauma, or a CVA, during 2007-2009 in five states, showed that 3.8% died during the initial SNF stay, 28.6% required readmission, and only 60.5% were ultimately discharged home [31] .
In our study, we have observed a large sex gap not only in rates of discharge to SNF but also in rates of PCI, usage of DES, payment amounts, and total charges. A previous study showed that the direct costs of hospitalizations for female patients with STEMI undergoing PCI are higher [32] . In our cohort, which included predominantly NSTEMI cases, both total charges and payment by Medicare were lower in women. These data are in line with other studies from throughout the world, showing a pattern of higher costs for the inpatient episodes of male AMI patients [33] [34] [35] [36] . We have also found higher rates of treatment utilization in men, coinciding with data from the previous literature, despite the fact that PCI was shown to be at least as efficacious in women as in men [7, 12, [37] [38] [39] . Remarkably, the differences in cost were not explained solely by the rates of PCI, nor age or length of stay.
Are women discharged to SNF at higher rates because they are less likely to have caregivers at home? Considering the higher life expectancy of women, and the fact that women in the USA are four times more likely than men to become widowed at an older age [40] , a factor related to worse prognosis [41] [42] [43] , it is likely that this population of elderly female patients was expected to receive less support from their spouse at home or from another caregiver. These social considerations could account for the lower discharge rate to home, which heavily relies on self-care. Also, it is possible that there are differences in the levels of physical fitness of elderly women compared with elderly men. One study in younger patients recovering from AMI showed that women were less likely to meet physical activity recommendations than men [44] . When controlling for all other factors, women had 1.37 times the odds of being less active than men from pre-AMI to 12 months post-AMI (95% CI: 1.21-1.55). It is quite possible that differences in functional capacity, not well documented in our database, explain some of the differences in the rates of discharge to home versus SNF. Nevertheless, having corrected for multiple risk factors in our study, it is also reasonable to suspect that factors related to the medical teams' perception of women following AMI differed, and thus perhaps more female patients were thought to require the support of SNF, and less were felt to be independent enough to return to their homes.
As for future implications of this article, implementation of programs such as the Medicare Shared Savings Program has been shown to reduce postacute spending without ostensible deterioration in quality of care, mostly by reducing rates of discharge to SNF, and the length of stay [45] . By examining the main drivers for discharge to SNF, both in male and in female patients, carefully selecting patients for postacute care, and possibly improving the home environment for elderly patients discharged to their homes, such as through innovation in ambulatory healthcare, we may improve the care of these patients and reduce costs, without restraining the quality of postacute care.
Study limitations
We examined data from a sample of 5% of the database, limited to only 3 months of follow-up. We are therefore limited to observation of the index event only, and confined to other limitations of an observational registry, based on claims. Our assessment of mortality, for example, is limited to events occurring during admission only, and no long-term outcomes have been assessed in this study. It is also important to keep in mind that our patients are mostly older than 65 years of age. Therefore, generalization of these results to younger patients may not be feasible. Furthermore, although we have deliberately examined the heterogeneous group of all-comer patients undergoing AMI during the hospitalization, irrespective of the primary reason for admission, this approach inherently includes many unknown confounders. However, we also assessed the chances of both sexes of being discharged to SNF in a cohort where AMI was identified as the primary diagnosis, yielding similar results. Importantly, we have no access to the patients' marital status, or any direct measures of the patient's functional status at discharge. We used multiple measures of illness severity/comorbidities as proxies for functional status. The decision of the timing, as well as the destination of patient discharge, is a highly complex process, dependent on many individual, social, and behavioral parameters, including the patients' marital status, baseline functional capacity, and other preferences and provider characteristics. It is not unlikely that these factors are the driving force behind the observed differences in sex selection for discharge destination following AMI.
Despite these limitations, this study adds to the limited, recent literature on the differences in care following AMI. Although it should not be concluded from this study that care for women is less favorable in this respect, there is a suggestion that our decision process is different during discharge, irrespective of patient baseline risk. Documenting these differences in patient care can help identify areas to target, provide new hypotheses on determinants of disparities, and identify new avenues for the elimination of these discrepancies. On the basis of our findings, some disparities certainly remain.
Conclusion
In our study, discharge to SNF is more common among elderly women who have AMI than in men, despite a similar risk profile, and even after correcting for confounding factors. In addition, sex-specific differences in resource utilization were identified that were independent of age or other factors. Future efforts at improving care should take these disparities and potential underlying biases in medical decision making into account.
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